Summary. Three groups of hens were fed a standard egg-production mixture or similar diets enriched with either sunflower oil or beef tallow. The resulting egg yolks were used to prepare bovine semen diluents. Changes in the lipid fatty acid composition of the diluents were demonstrated by gas\p=n-\liquidchromatography. No significant effects of the treatments were seen on bovine sperm motility after freezing and thawing, or on fertility.
Introduction
The yolk of hen eggs is widely regarded as an essential ingredient of diluents for the freezing of bovine semen, apparently providing protection to sperm membranes against cold shock and damage during cooling, freezing and thawing. Smith & Back (1975) demonstrated that an increase in the lipid-bound polyunsaturated fatty acid content of egg yolk reduced the temperature at which irreversible gelation and aggregation of its lipoprotein occurred. Similarly, Shenstone & Burley (1975) have shown that feeding methyl sterculate to hens resulted in changes in the egg yolk gelation temperature paralleling alterations in the proportion of saturated fatty acids present in their lipids. In the present experiments hens were fed different diets to alter the proportion of lipid fatty acids in the yolks. These yolks were used in diluents for bovine spermatozoa to examine sperm survival after freezing and thawing and determine fertility in a field trial.
Materials and Methods

Egg production
Three groups of hens (Warren SSLF) were separately housed and fed one of the 3 diets given in Table 1 for 1 month before the start of egg collection. The control diet was a standard mix fed for commercial egg production. The sunflower oil diet was intended to increase the polyunsaturated fatty acid component, and the beef tallow diet to raise the level of saturated fatty acids in the egg yolks.
Fatty acid determination
Lipid was extracted from diluent prepared with the eggs from the 3 groups of hens by shaking with 4 volumes of chloroform: methanol (2:1 v/v) using methods previously reported (Foulkes, 1977) . The fatty acid composition of the total lipid extract was determined as follows. Fatty acid methyl esters were formed by reacting aliquots of the lipid extract with 14% boron trifluoride in 
Semen preparation and tests
The egg-yolk diluent composition was 20% (v/v) egg yolk, 75-3% (v/v) lactose solution (11 g/100 ml) and 4-7% (v/v) glycerol with 500 pg streptomycin sulphate/ml (Foulkes, Goodey & Stewart, 1977a (Foulkes, Goodey & Stewart, 1977b) , and sperm motility was determined 'blind' by the same 2 observers.
Results
The diluents prepared with eggs from the 3 groups of hens showed differences in the proportion of lipid-bound fatty acids present ( (Table 3) .
Field results obtained in the split-ejaculate fertility trial were analysed for the effects of inseminator, bull, ejaculate and treatment. Significant variation was found between inseminators and between bulls but there was no interaction with treatment. There was no evidence that changing the fatty acid composition of egg yolk used in diluents for freezing semen affected either the overall fertility or the performance of individual bulls (Table 4) .
Discussion
There is a degree of conflict over the optimal structure of membranes to resist damage during cooling. Increases in the polyunsatutated fatty acid content have been associated with increases in yeast cell survival after freezing (Kruuv, Lepock & Keith, 1978) and with the development of frost-hardiness in plants (Farkas, Vigh, Horvath 8c Belea, 1978) , although this has been questioned (Singh, de (Foulkes, 1977) and that semen diluted with diluent containing egg-yolk lipoproteins exhibited fertility levels indistinguishable from those with control diluent containing egg yolk when used in the field (Foulkes & Stewart, 1977) . Kruuv et al (1978) showed that the freeze-thaw survival of yeast cells could be altered by growing the cells in media containing stearolic acid or linolenic acid and that this was related to changes in membrane fluidity. If sperm membranes become damaged as a result of their lipids undergoing a phase transition in the early part of the cooling procedure, then the binding of egg-yolk lipoproteins may prevent this by altering the membrane composition and thus its phase transition temperature.
The increases in the polyunsaturated fatty acid content of the lipids of diluents prepared with eggs from hens fed the diet including sunflower oil were marked and comparable with those reported by other workers (Posati, Kinsella & Watt, 1975) . There was, however, no measurable effect from these changes on the post-thaw motility of spermatozoa or their subsequent fertility. This would argue against an enhanced protective effect by polyunsaturated fatty acid-containing lipids for the membrane. Diluent prepared with eggs obtained after the inclusion of a large proportion of saturated fatty acid in the diet was equally ineffective in improving sperm survival, but only small changes had been effected in the diluent fatty acid composition ( Table 2) .
The yolk of hen eggs may fortuitously possess a fatty acid content conducive to the protection of bovine spermatozoa. The normal diet fed to the hens supplying this laboratory with eggs for diluents and which served as the control diet in these experiments has a high content of maize meal and itself supplied a measure of polyunsaturated fat to the control diluent (12-7% of total lipid fatty acids, Table 2 ). Comparison of the fatty acid complement of lipids in the control diluent with the phospholipid fatty acid content determined in bull spermatozoa (Poulos et al, 1973 ) demonstrates large differences in composition. The chief fatty acid (61-3%) found in phospholipids from bovine spermatozoa was the highly unsaturated docosahexaenoic acid. Saturated fatty acids totalled 21-4% and monounsaturated fatty acids were confined to 5-7% oleic acid. By contrast, egg yolk lipids contained 34-1% saturated and 53-2% monounsaturated fatty acids (Table 2 ) and these components may be those instrumental in providing protection for the spermatozoa. The diet enriched with tallow did not promote a sufficiently radical change in the unsaturated : saturated fatty acid ratio to allow the effect of increased saturation to be assessed, perhaps as a result of the presence of the significant quantities of maize meal. A revised diet might allow this end of the saturation spectrum to be more satisfactorily examined. For example, feeding methyl sterculate to hens results in a saturated fatty acid content in egg-yolk lipid of over 60% (Shenstone & Burley, 1975 ).
An alternative mode of action of egg yolk in stabilizing membrane structure was suggested by the observations of Darin-Bennett & White (1975, 1977) that there was an apparent correlation between the cholesterol content of spermatozoa from various species and their ability to withstand cold shock. Egg yolk and its lipoproteins have significant levels of cholesterol (Powrie, 1968; Shenstone, 1968) and it may be that their effectiveness is related to its presence. No evidence was obtained, however, for the selective binding of particular lipids to spermatozoa in earlier investigations (Foulkes, 1977 
